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Introduction

Abstract

The human placenta is a dynamic organ which
undergoes complex structural
and functional
changes during the course of pregnancy. A very
active period of morphogenesis occurs during the
first twenty weeks of gestation during which
there is a substantial
increase in the number
and type of placental villi as described by
Kaufmann et al. (1979). According to their
classification,
an abundance of immature intermediate placental villi occur during the 12th to
18th weeks of gestation.
These numerous villi
are composed of a trophoblastic
cellular layer
covering a vascular stromal core. The trophoblastic layers consist of an outer syncytial
layer of syncytiotrophoblast
overlying a
cellular layer of cytotrophoblast.
A basal
lamina composed primarily of Type IV collagen
separates the trophoblast from the vascular
connective tissue core. At this stage of
development reticular fibers, collagenous
stromal channels, Hofbauer cells and reticulum
cells are found within the core of each villus.
It is this structural
organization of the
intermediate placental villi which predominates
during the 12th to 18th weeks of intrauterine
life.
Scanning electron microscopy has been
particularly
successful in the classification
and demonstration of various structural differences which occur during placental maturation.
The original description of the organization of
the villus tree continues to be a major contribution to the study of human placentation
(Kaufmann, et al. 1979). Subcellular and
ultrastructural
studies by Enders and King
(1970), King and Menton (1975), Castellucci,
et
al. (1980), Castellucci and Kaufmann (1982),
Dearden and Ockleford (1983), Habashi, et al.
(1983), and Martinol i, et al. (1984) have all
demonstrated the details of stromal and trophoblastic architecture.
These earlier studies,
however, either used conventional scanning
electron microscopic methods or exposed stromal
structures by either freeze fracturing or
vascular cast techniques.
Ultrasonication
was initially
used in
scanning electron microscopy to remove surface
debris from samples prior to critical
point

The human placenta during the first 20
weeks of gestation undergoes rapid and extensive
morphological changes. Near the end of this
period, the most predominant type of villus
present is the immature intermediate placental
villus.
In order to visualize this complex
structure with scanning electron microscopy
(SEM), we have developed a microdissection
technique to expose tissue components of the
placental villus while retaining its normal
histological
architecture.
Placental villi were
initially
fixed in Karnovsky's fixative,
buffered formalin, or 2% osmium tetroxide
solution prior to exposure to connective tissue
enzymes or detergents alone or in combination.
Samples were dehydrated through 100% acetone and
ultrasonicated
at 80 kHz for 15 minutes prior to
critical
point dryiny and SEMexamination.
The
most satisfactory
microdissections were obtained
by using a combined detergent/ultrasonication
technique.
By means of this procedure it was
possible to remove the syncytiotrophoblast
to
expose the underlying cytotrophoblast,
basal
lamina and the stromal core components of the
villi.
The selective removal of these
structures
revealed the 3-dimensional
relationships
of the stromal channels, reticulum
cells and Hofbauer cells.
Of interest was the
pattern of fetal capillaries
coursing parallel
to the long axis of each villus and terminating
in a vascular knot at the tip.
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drying (Hayat, 1981). During the early 1g30's,
a technique for the selective microdissection of
animal tissues was developed by combining the
mechanical disruptive capabilities
of an ultrasonicator with the tissue brittleness
which
results from overfixation in osmium tetroxide
(Highison and Low, 1982). The resultant
preparations revealed structures and histological relationships
not seen before. This technique has been extended to include enzymatic
pre-treatment in order to demonstrate the
vascular and osteocytic networks of alveolar
bone (Johnson and Highison, 1983, 1985). More
recently, the original ultrasonic microdissection technique was modified to include cell
dissociation by boric acid in order to study the
basal lamina of the alimentary tract (Low and
McClugage, 1984, McClugage and Low, 1984) and
components of the central nervous system (Arnett
and Low, 1985). It has become evident that the
technique of ultrasonic microdissection is a
useful tool for exposing structures and surfaces
not normally seen by conventional scanning
electron microscopy.
The purpose of this study, therefore, is
two-fold; first to develop an ultrasonic microdissection technique suitable for fetal tissues,
and second to examine the complex histological
relationships
of the immature intermediate human
placental villus using this modified ultrasonic
microdissection technique.
Materials

0.1% were added to the osmium tetroxide postfixation solution.
After 12 hours at room
temperature, the samples were dehydrated, ultrasonicated, and processed for SEMas described
above.
Technique.!.!..!. began with a thorough
washing of the samples again in cacodylate
buffer, with the exception of the formalin fixed
samples which were washed in distilled
water.
Samples were incubated at 37°c in a 0.1% hyaluronidase solution (obtained from Sigma®) for 4-12
hours. They were then rinsed in buffer and incubated at 37°C in a 0.1% collagenase Type IV
solution (obtained from Sigma®) for 4-12 hours.
The samples were post-fixed in 2% buffered
osmium tetroxide solution for 12 hours at room
temperature, dehydrated, ultrasonicated,
and
processed as described above. Technique~
was
identical to Technique III except for the addition of ionic and non-ionic detergents (0.1%) to
the osmium tetroxide solution.
Samples of
placental villi used as controls were processed
for SEMby conventional methods.
Results
In general, Technique.!_ involving the
standard ultrasonic microdissection method
produced unsatisfactory
results although there
were scattered areas of trophoblast removal.
The samples least affected by ultrasonic
microdissection were the tissues initially
fixed
by aldehydes.
Technique.!__!_which consisted of adding
detergents to the post-fixation
osmium tetroxide
solutions worked very well in the partial or
total removal of syncytio- and cytotrophoblastic
cells.
No major distinction
could be made
between the ionic and non-ionic detergents with
regard to extent of dissection.
We did find,
however, that initial fixation in osmium tetroxide provided the most uniform and consistent
removal of the trophoblastic
layer in addition
to exposing, in scattered areas, the stromal
core. Samples initially
fixed in aldehydes
resulted in the poorest microdissection.
Technique.!.!..!. combining enzymatic
pre-treatment with the standard ultrasonic
microdissection technique proved to be disappointing.
Often it was impossible to distinguish these samples from samples treated by the
standard ultrasonic microdissection technique
(Technique I).
Technique~ which was a combination of
enzymatic pre-treatment,
addition of detergent
to the osmium tetroxide post-fixative,
and
ultrasonication
provided results identical to
those seen in Technique II. Once again, no
major distinction
could be made between the four
detergents used with regard to the extent of
microdissection.
Initial fixation in formalin
(with a distilled
water wash) or in 2% buffered
osmium tetroxide solution partially or totally
removed the trophoblastic
components as well as
exposed the stromal core. The poorest examples
of microdissection were the glutaraldehyde/
paraformaldehyde fixed tissues.
Based upon
these observations it became apparent that
Technique II offered the most consistent

and Methods

Humanplacentas ranging in gestational age
from 12-18 weeks were collected during legal
abortions performed in an authorized clinic.
Proper consent forms for the experimental use of
all products of conception were obtained.
All
samples were initially
fixed in 1/4 strength
Karnovsky's solution, 10% buffered formalin, or
2% osmium tetroxide solution.
After a thorough
washing in 0.144N cacodylate buffer (pH 7.4),
samples were divided for either light microscopy
(LM) or scanning electron microscopy (SEM).
LMsamples were fixed in Stieve's mercuric
chloride solution and processed by conventional
paraffin methods. Paraffin sections were
stained with conventional H & E, PAS,
Bielschowsky-Foote method for reticular fibers,
or Masson's trichrome.
In order to evaluate the best fixation
method, SEMsamples included tissues from each
of the initial fixatives used. Technique.!_
involved the standard ultrasonic microdissection
method of 2% buffered osmium tetroxide postfixation at room temperature for 12 hours.
Samples were dehydrated by a graded series of
acetone. While in 100% acetone, samples were
ultrasonicated
at 80 kHz for a total of 15
minutes prior to critical
point drying. The
samples were mounted onto studs with doublestick tape and coated with gold-palladium before
SEMexamination.
Technique.!__!_began with a thorough washing
of the samples again in cacodylate buffer.
Ionic (Triton XlOOand SOS) or non-ionic (NP40
and Tween 20) detergents at a concentration of
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results.
We shall only present micrographs
which represent the structural
organization of
immature intermediate villi as seen after
microdissection by the combined treatment of
detergent and ultrasonication
(Technique II).
The general organization of an immature
intermediate placental villus is shown in the
light micrograph of Figure 1 and will be
referred to as the following SEMmicrographs are
described.
The predominant type of villus seen
in the control sample of 12-18 week placenta was
the intermediate immature placental villus
(Figure 2). These villi were found to be short,
thick, and often displayed various amounts of
budding. The villus surface consisted of a thin
layer of syncytiotrophoblast
which possessed a
uniform dense covering of short microvilli
(Figures 1 & 2).
Removal of the syncytiotrophoblast
by
detergent/ultrasonic
treatment exposed the
underlying cytotrophoblast
and basal lamina
(Figures 3, 4, & 6). Based upon our light
microscopic observations, the cytotrophoblast
was found to be a discontinuous cellular layer.
In areas not occupied by cytotrophoblast
the
syncytiotrophoblast
and the underlying basal
lamina would be in direct contact.
As shown in
Figure 3, the cytotrophoblastic
cells were
frequently found in clusters (possibly as a
result of the technique used) adhering to each
other and to the basal lamina. These cells
possessed an array of surface microappendages
and intercellular
processes which served as
points of attachment to each other, the
syncytiotrophoblast,
and the basal lamina
(Figure 5).
The basal lamina formed a complete smooth
sheet beneath the trophoblast (Figures 3, 6, 11,
& 12) occasionally with surface modifications
apparently related to attachment of the
trophoblast in the intact villus.
Partial and total removal of the basal
lamina by the detergent/ultrasonic
technique
exposed components of the stromal core. The
stroma of the immature intermediate villus was
composed of loosely arranged reticular fibers
intermixed with coarser collagenous fibers
(Figures 7 &8). Together, these formed a
system of interconnected stromal channels which
ran parallel to the long axis of the villus
(Figures 1 & 9). It was found that the
reticular
fibers (Figures 7 & 8), as verified by
silver impregnation and PAS techniques, were
primarily located peripherally or associated
with blood vessels, while the collagenous fibers
primarily occupied the center of the villus.
Reticulum cells, characterized by their
flattened,
elongated appearance, were found
lining the stromal channels and also embedded
within the connective tissue stroma (Figures 1,
8, 9, & 10). A second cell type, the Hofbauer
cell, also present within the core of the
villus, is only found within the stromal
channels (Figures 1, 9 & 10). These latter
cells are recognized not only by their position
but also by their surface modifications (e.g.
blebs, microplicae).

Villi

Fetal capillaries
located at the periphery
and running parallel to the long axis of the
villus were also found within the connective
tissue stroma of the immature intermediate
villus (Figure 1). The linear array of these
capillaries
as well as their termination in a
vascular knot at the tip of the villus was
evident through the tightly adhering basal
lamina (Figures 11 & 12).
Discussion
The present study illustrates
application
of the ultrasonic microdissection technique in
the three dimensional study of human placental
villi.
Histological
relationships
and structures of the trophoblast and stroma, as
initially
described by King and Menton (1975),
Castellucci et al. (1980) and Castellucci and
Kaufmann (1982), were confirmed and extended to
include descriptions
of basal lamina, cytotrophoblast, and fetal capillaries,
2.!2_
situ.
A
modification of this technique, possibly in
conjunction with newly developed biochemical
probes, may be useful in studying future
questions regarding structures not normally
visualized by conventional scanning electron
microscopy.
Ultrasonic microdissection continues to be
a useful technique for exposing structures and
surfaces not visible by conventional scanning
electron microscopic methods. This technique
combines the chemical action of a dissociative
agent which renders the tissue amenable to
microdissection with the mechanical shearing
force generated by the ultrasonicator.
Dissociative agents which have been successfully
used include prolonged exposure to osmium
tetroxide (Highison and Low, 1982), connective
tissue enzymes (Johnson and Highison, 1983 &
198S), boric acid/osmium tetroxide solutions
(Low and McClugage, 1984, McClugage and Low,
1984, Arnett and Low, 1985), and, as the present
study demonstrates, detergent/osmium tetroxide
solutions.
In general, a cut surface allows
better exposure to the dissociative
agents and
as a rule produces better microdissected specimens than the processing of whole intact organs.
In this study, as has been experienced and
reported in previous studies, the type of initial fixation plays an important role on the
extent of microdissection obtained by ultrasonication (Highison and Low, 1982, Low and
McClugage, 1984). Aldehyde fixatives,
especially those containing glutaraldehyde,
tend
strongly to crosslink proteins and usually
result in poorer microdissection of the tissue.
We have found that formalin fixation can produce
satisfactory
results if the tissues are extensively washed with water prior to exposure to
the dissociative
agent. A parallel example is
the need for thorough washing of formalin fixed
sections prior to light microscopic staining.
An ultrasonication
frequency of 80 kHz
produces the most satisfactory
results, although
useful preparations have been obtained with
20 kHz and 40 kHz ultrasonicators
(Low and
McClugage, 1984). It has been our observation
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Figure 1. This light micrograph of an immature intermediate villus illustrates
major structural
features.
The outer syncytiotrophoblast
is covered with short microvilli,
the underlying cellular
trophoblast lies attached to the basal lamina (not seen in this preparation) and the core of the villus
is formed of a delicate fibrous stroma surrounding collagenous stromal channels.
V = blood vessel, R =
reticulum cell, H = Hofbauer cell.
Bar= 20 µm.
Figure 2. An untreated control preparation of a typical cluster of immature intermediate villi
branching from a mature intermediate villus and showing budding at their tips.
Bar= 25 µm.
Figure 3. Following Technique II the syncytiotrophoblast
has been partially
removed to reveal islands
of cytotrophoblast and basal lamina. Bar= lOµm.
Figure 4. This higher magnification of the cytotrophoblast
in Fig. 3 shows the details of the cell
surfaces.
Apparent in the micrograph are cytotrophoblastic
cells which possess short interconnecting
processes.
The roughened surface of the basal lamina is apparently due to fine collagenous fibers
associated with the attachment of the trophoblast.
In the lower left of the micrograph a portion of
microvillus-covered
syncytiotrophoblast
is seen overlying the cytotrophoblast.
Bar= 2µm.
68Z
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Figure 5. The cytotrophoblast
blebs. Bar= lµm.

Villi

possesses many microappendages which include a variety

of microvilli

and

Figure 6. All of the trophoblast has been removed from the villus tip exposing the basal lamina. Here
the basal lamina exhibits an irregular pattern of low folds and has a relatively smooth surface in this
location.
Blood vessels beneath it produce bulges on the surface.
Bar= lOµm.
Figure 7. The basal lamina (*) is broken away revealing the reticular and collagenous fiber stroma of
the villus core. The delicate reticular fibers branch and anastomose with each other and are
intermeshed with the coarser collagenous fibers.
Bar= lµm.
Figure 8. In the central part of the villus the stroma may be more compact, consisting
tangled collagenous fibers and reticulum cells (R). Bar= lµm.
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Figure 9. The trophoblast (*) and basal lamina have been partially removed from this villus exposing
large stromal channels. These channels are lined by flattened sheet-like reticulum cells (R) and
contain Hofbauer cells. (H). Bar= lOµm.
Figure 10. The trophoblast layers have been separated from the basal lamina. A stromal channel
(composed of collagenous fibers) contains a Hofbauer cell (arrow head) and a flattened reticulum cell
(R). Bar= lOµm.
Fiqure 11. Whenthe trophoblast is completely stripped off as in this preparation, the vascularity of
the villi becomes apparent.
The basal lamina closely invests each blood vessel in a "shrink-wrap''
fashion.
Note the linear arrangement of the vessels parallel to the long axis throughout most of the
length of each villus.
At the villus tip the vessels anastomose to form a knot of capillaries.
Bar=
lOµm.
Figure 12. This preparation is similar to Fig. 11 but here the villi are viewed end-on to more clearly
demonstrate the anastomosing capillaries
at the tips of these emerging villi.
Bar= lOµm.
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that a higher frequency ultrasonicator
produces
a finer and hence more controllable
microdissection.
Ultrasonicators
at frequencies greater
than 80-90 kHz are not only very costly to
manufacture, but their production is prohibited
by the FCC. Our laboratory is now experimenting
with different ultrasonication
media at varying
frequencies in hopes of achieving the same fine
microdissection theoretically
obtainable with a
higher (>80 kHz) frequency ultrasonicator.

Villi

Low, FN, McClugage SG. (1984). Microdissection
by ultrasonication:
scanning electron microscopy
of the epithelial
basal lamina of the alimentary
canal in the rat.
Amer. J. Anat. 169, 137-147.
Martinoli C, Castellucci M, ZaccheoD, Kaufmann
P. (1984). Scanning electron microscopy of
stromal cells of human placental villi throughout pregnancy. Cell Tissue Res. 235(3):647-655.
McClugage SG, Low FN. (1984). Microdissection
by ultrasonication:
porosity of the intestinal
epithelial
basal lamina. Amer. J. Anat. 171,
207-216.
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Discussion with Reviewers
D.J. Allen: Please explain the use of the term
immature intermediate" placental villi.
W.P. Jollie:
I do not understand why the
authors consistently
refer to their materials as
immature intermediate placental villi.
Although
histological
and cytologic differences betwee~
villi from placentas at 20 weeks and villi at 30
to 40 weeks do occur, the 20 week placenta,
nevertheless,
is "mature".
Authors: The use of the term immature
intermediate placental villi is based upon a
four stage morphological classification
as
described by Kaufmann, et al. ,(1979)(text
reference).
This classification
is widely
accepted and is based upon specific histological
characteristics
clearly distinct from the other
three developmental stages described, i.e. the
presence of a reticular stroma, peripherally
located fetal capillaries,
and stromal channels
containing Hofbauer cells.
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D.J. Allen: Howcan you distinquish between
reticulum and Hofbauer cells in SEM?
Authors: These two cell types can be
distinguished
from each other primarily by
location and surface morphology and secondarily
by shape. Reticulum cells found in the stroma
possess a typical elongated fibroblast
shape with
a smooth surface.
Reticulum cells associated
with the walls of the stromal channels have a
flattened sail-like
appearance.
Hofbauer cells on
the other hand are larger rounded cells with an
array of surface microappendages.
These cells
are only found within stromal channels and by
light microscopy were found to be highly
vacuolated.
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